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<£) Storage device. 

@ A storage device includes an MR element (6) 
vvnte means (2, 12) responsive to input of binary' 
storage data indicative of either a first state or a 
second state, and applying a write magnetic 
field in a first direction (+ X) correspondingly to 
the first state, or applying the write magnetic 
field in a reverse second direction (- X) corres- 
pondingly to the second state ; and read means 
(8. 10) for applying a bias magnetic field to the 
MR element and discriminating between the 
first and second states in accordance with the 
volume resistivity of the MR element 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to a stor- 
age device for storing binary data and, more particu- 
larly, to a storage device equipped with a magnetor- 
esistive element presenting hysteresis characteris- 
tics in the relationship between a magnetic field and 
a volume resistivity change rate (MR ratio). 



Description of the Related Art 

In the field of computers and communication sys- 
tems which deal with digital data, storage devices for 
storing binary data are required. Such a storage de- 
vice is so constituted as to retain either temporarily or 
permanently the difference of some physical states 
such as magnetic ones. 

In the conventional storage devices known here- 
tofore, there is a type capable of storing data in accor- 
dance with the presence or absence of electric 
charge accumulated in a capacitor, as represented by 
a dynamic random access memory (DRAM). How- 
ever, a DRAM has a disadvantage that the data stored 
therein is lost unless an overwrite operation termed 
refresh is performed continuously. That is, there ex- 
ists a problem of nonvolatility. 

Any of magnetic recording apparatus represent- 
ed by a magnetic disk apparatus is nonvolatile, since 
data is recorded by changing the direction of magne- 
tization of a magnetic substance. But a rotary mech- 
anism, a read/write head positioning mechanism and 
so forth are necessary therein, and a long time is tak- 
en for positioning the head and transferring the data. 
Consequently, a considerable time is required for 
writing and reading the data. 

A flash memory is known as a nonvolatile semi- 
conductor storage device. Since an overwrite opera- 
tion is impossible in a flash memory, it is necessary 
to perform an erase operation first and then a write 
operation, hence inducing a disadvantage that this 
type is not suited for high-speed repetitive recording 
purpose. And the ensured number of times of writing 
is no more than 1 x 10 5 or so. 

In Japanese Patent Laid-open Nos. Hei 1 (1989)- 
178190, Hei 1 (1989)-178191 and Sho 61 (1986)- 
153897, there is disclosed a method of recording data 
on a magnetic medium by causing a current flow in in- 
tersecting striped superconductors, and detecting the 
direction of magnetization by adjacent magnetoresis- 
tive elements. However, in this method where super- 
conductors are required, there exist some problems 
including that it is unemployable at normal tempera- 
ture, and the production cost of the apparatus is in- 
creased. Furthermore, there is another disadvantage 
that both a recording magnetic medium and reading 
magnetoresistive elements need to be prepared. 



In the thesis titled Magnetic Thin Film (by Miya- 
zaki, Tohoku University), there is described a testing 
method according to which a thin film is interposed 
between mutually orthogonal conductors via insula- 
5 tor layers, and the magnetic characteristic of the thin 
film is measured by a tunnel current detection means. 
Although this method is capable of realizing a device 
of a simplified structure, it is difficult to apply the 
method to a practical recorder since the change range 
10 of the resistance value is excessively small due to util- 
ization of the tunnel current. In addition, the magnetic 
field generation efficiency to the current is low as the 
magnetic field of the orthogonal lines is utilized di- 
rectly. 

15 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a high-reliability nonvolatile storage device 
20 of a simplified structure which is usable in a normal 
temperature range and is adequate to reduce the time 
required for writing, reading or overwriting data. 

According to one aspect of this invention, there is 
provided a storage device which comprises: a magne- 
25 toresistive element presenting hysteresis characteris- 
tics in the relationship between a magnetic field and 
a volume resistivity change rate; write means for ap- 
plying, in response to input binary storage data indi- 
cative of either a first state or a second state, a write 
30 magnetic field of a predetermined intensity in a first 
direction to the magnetoresistive element corre- 
spondingly to the first state, or applying the write mag- 
netic field in a second direction, which is reverse to 
the first direction, to the magnetoresistive element 
35 correspondingly to the second state; and read means 
for applying to the magnetoresistive element a bias 
magnetic field which is lower in intensity than the 
write magnetic field, and discriminating between the 
first and second states on the basis of the volume re- 
40 sistivity change rate of the magnetoresistive element. 

When binary storage data indicative of either a 
first state or a second state is inputted to the device 
of this invention, a write magnetic field is applied to 
the magnetoresistive element in one of mutually re- 
45 verse directions correspondingly to the first state or 
the second state. Then, even after extinction of the 
write magnetic field, the stored data is retained by the 
hysteresis characteristics of the magnetoresistive 
element. 

so in reading out the stored data, a bias magnetic 

field lower in intensity than the write magnetic field is 
applied to the magnetoresistive element, and the first 
or second state is discriminated in accordance with 
the volume resistivity change rate of the magnetore- 

55 sistive element. 

The above and other objects, features and ad- 
vantages of the present invention and the manner of 
realizing them will become more apparent, and the in- 
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vention itself will best be understood from a study of 
the following description and appended claims with 
reference to the attached drawings showing some 
preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

Fig. 1 is a perspective view of a storage device in 
a first embodiment of the present invention; 
Fig. 2 is a sectional view taken along the line A- 10 
A in the device of Fig. 1 ; 
Fig. 3 is a perspective view of an MR element; 
Fig. 4A and Fig. 4B are explanatory diagrams il- 
lustrating the directions of magnetization; 

Fig. 5 graphically shows the principle of operation 15 
of a storage device; 

Fig. 6 is a block diagram of a write/read circuit; 
Fig. 7 graphically illustrates demagnetization of 
an MR element; 

Fig. 8 is a perspective view of a storage device in 20 
a second embodiment of the present invention; 
Fig. 9 is a perspective view of a storage device in 
a third embodiment of the present invention; 
Fig. 10A and Fig. 10B illustrate packaged exam- 
ples having the structure of Fig. 9; 2 s 
Fig. 11 is a perspective view of a memcry card to 
which the present invention is applicable; 
Fig. 12 graphically shows the characteristic of a 
GMR element; 

Fig. 13 is a perspective view of the GMR element; 30 
Fig. 14 graphically illustrates the principle of op- 
eration of the GMR element; and 
Fig. 15A and Fig. 15B are perspective views of 
SOP and SOJ, respectively, with partly broken 
away to show some components. 35 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Hereinafter some preferred embodiments of the 40 
present invention will be described in detail with ref- 
erence to the accompanying drawings. 

Fig. 1 is a perspective view of a storage device in 
a first embodiment of the invention, and Fig. 2 is a 
sectional view taken along the line A-A in Fig. 1 . Ref- as 
erence numeral 2 denotes a lower current line formed 
on an unshown substrate, and a magnetoresistive 
element (MR element) 6 is provided on the lower cur- 
rent line 2 via insulator layers 4. The MR element 6 
may be a film formed by vapor deposition of NiFe for so 
example. Terminals 8 and 10 are connected to both 
ends of the MR element 6, and an upper current line 
1 2 is provided in such a manner as to surround the MR 
element 6 and the terminals 8 and 10. 

Fig. 3 is a perspective view of the MR element 55 
shown in Fig. 1. The MR element 6 is shaped into, 
e.g.. a rectangular thin film having a hard axis HA of 
magnetization in its longitudinal direction and an easy 



axis EA of magnetization in its transverse direction. 
Further the MR element 6 has a first plane 6A and a 
second plane 6B corresponding respectively to its ob- 
verse side and reverse side, and a first end portion 
6C and a second end portion 6D corresponding re- 
spectively to both ends of its longitudinal direction. 
On the first plane 6A. the terminals 8 and 10 are con- 
nected respectively to the first end portion 6C and the 
second end portion 6D of the MR element. The upper 
current line 12 and the lower current line 2 are op- 
posed respectively to the first plane 6A and the sec- 
ond plane 6B of the MR element 6. For the purpose 
of serving convenience in the following description, 
there are defined here an X axis parallel with the hard 
axis HA of magnetization, a Y axis parallel with the 
easy axis EA of magnetization, and a Z axis perpen- 
dicular to the X axis and Y axis. In the X axis, the di- 
rection advancing from the first end portion 6C to- 
ward the second end portion 6D is defined as a +X di- 
rection, and the direction reverse thereto is defined 
as a -X direction. Meanwhile in the Y axis, the direc- 
tion to lead out the terminals 8 and 10 is defined as 
a +Y direction, and the direction reverse thereto is de- 
fined as a -Y direction. And in the 2 axis, the direction 
advancing from the second plane 6B toward the first 
plane 6A is defined as a +Z direction, and the direc- 
tion reverse thereto is defined as a -Z direction. 

In the first embodiment, write means includes a 
lower current lines 2 and an upper current line 12. 
means for causing a write current flow in the current 
lines 2 and 12 in mutually reverse directions, and 
means for deciding the direction of the write current 
flow correspondingly to the first or second state of the 
storage data. The first and second states correspond 
respectively to, e.g., 1 and 0 of digital data. In the fol- 
lowing description, it is assumed that the first state 
corresponds to 1 and the second state to 0. respec- 
tively. 

For causing a write current flow in the lower cur- 
rent line 2 and the upper current line 12 in mutually 
reverse directions, this embodiment is so contrived 
that one end portion of the upper current line 1 2 in the 
-X direction is connected to one end portion of the 
lower current line 2 in the same direction, whereby a 
single-turn coil is formed around the MR element 6. 
More specifically, the current lines 2 and 12 are con- 
nected in series to each other. It is to be understood 
that a coil of plural turns may be formed as well. The 
means for deciding the direction of the write current 
flow correspondingly to 1 or O comprises a constant 
current circuit having, e.g.. two output ports, and a cir- 
cuit for selectively switching the connection of each 
output port and the end portions of the current lines 
2 and 12 in the +X direction correspondingly to 1 or 
0. A specific example of the write/read circuit will be 
described later. 

Fig. 4Aand Fig. 4B show the directions of a mag- 
netic field applied to the MR element 6 through the 
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lower current line 2 and the upper current fine 12. Fig 
4A represents one case where a current ! is flowing 
from the upper current line 12 into the lower current 
line 2. In this case, the current flow in the upper cur- 
rent line 12 is in the -X direction, while the current flow s 
in the lower current line 2 is in the +X direction. As a 
result, the magnetic field H is applied to the MR ele- 
ment 6 in the +Y direction substantially in parallel with 
the easy axis of magnetization. The intensity of a 
magnetic field H is given by the function of the current w 
I. Fig. 4B represents another case where a current -I 
is flowing from the lower current line 2 into the upper 
current line 12. In this case, the current flow in the 
lower current line 2 is in the -X direction, while the cur- 
rent flow in the upper current line 12 is in the +X di- f5 
rection. As a result, a magnetic field -H is applied to 
the MR element 6 in the -Y direction substantially in 
parallel with the easy axis of magnetization. Thus, ac- 
cording to this embodiment where coiled current lines 
are provided around the MR element 6, a write mag- 20 
netic field or a bias magnetic field of a desired 
strength can be applied in a desired direction. 

Fig. 5 shows the principle of operation of the stor- 
age device. In this diagram, the B-H characteristic 
graphed in the upper part represents the relationship 25 
between the magnetic flux density B in the easy axis 
of magnetization of the MR element and the magnetic 
field H applied thereto; and the Ap/p-H characteristic 
graphed in the lower part represents the relationship 
between the volume resistivity change rate (MR ratio) 30 
Ap/p of the MR element and the magnetic field H ap- 
plied thereto. The appried magnetic field H in the B- 
H characteristic and the applied magnetic field H in 
the Ap/p-H characteristic are shown on the same 
scale. In this specification, the terms magnetization 35 
and magnetic flux density are used in the same 
sense. The MR element presents hysteresis charac- 
teristic in the relationship between the magnetic field 
H and the magnetization B, hence presenting hyster- 
esis characteristic also in the relationship between 40 
the magnetic field H and the MR ratio Ap/p. 

First, for storage of 1, a write current is caused to 
flow in the direction shown in Fig. 4A, and a magnetic 
field H,, which is approximately equal in intensity to 
the magnetic field required for saturating the magne- 45 
tization of the MR element, is applied to the MR ele- 
ment. The magnetization at this moment is B, as in- 
dicated at a point A,, and the MR ratio is Pl as indi- 
cated at a point A 1 *. When the write current is switched 
off, the magnetization is reduced to B 2 (B 2 < B,) as in- 50 
dicated at a point A 2 , and the MR ratio is lowered to 
Po (Po < Pi) as indicated at a point A 2 \ so that 1 is re- 
tained by the residual magnetization B 2 . 

Meanwhile for storage of 0, a write current is 
caused to flow in the direction shown in Fig. 4B, and 55 
a magnetic f ie\d -H„ which is equal in intensity to the 
magnetic field H, but is directionally reverse thereto 
is applied to the MR element The magnetization at 



this moment is -B^ as indicated at a point A4, and the 
MR ratio is Pl as indicated at a point A/. In the process 
of a transition from the point A 2 to the point A4, the 
magnetization passes a point A 3 where the flux den- 
sity is zero. The magnetic field at this moment is -H 2 
(-H, < -H 2 < 0). and the MR ratio is p 2 (p 2 < Po ) as in- 
dicated at a point A 3 \ When the write current corre- 
sponding to 0 is switched off, the magnetization is 
changed from -B, to -B 2 (-B, < -B 2 < 0), so that 0 is 
retained by such magnetization. The MR ratio at this 
moment is p 0 as indicated at a point A$\ 

For storage of 1 by overwriting it in the state 
where 0 is stored as indicated at a point A 5 , the write 
magnetic field H, is applied again to the MR element 
to thereby transit the magnetization to the point A,. In 
this process, the magnetization passes a point As 
where the flux density is zero and the magnetic field 
is H 2 (0 < H 2 < H,). The MR ratio corresponding to the 
point Ae is p 2 as indicated at a point Ae'. When over- 
writing 1 at the point A 2 where 1 is presently stored, 
the write magnetic field H, is applied for transition of 
the magnetization from the point A 2 to the point A,. 
Similarly, when overwriting 0 at the point A5 where 0 
is presently stored, the write magnetic field -H, is ap- 
plied for transition of the magnetization from the point 
A 5 to the point A4. 

How to read out the stored data will now be de- 
scribed below. The directions (signs) of the retained 
magnetization in the 1 storage state (AJ and the 0 
storage state (A 5 ) are mutually different, but the MR 
ratio of the MR element is Po and the same in each 
case, so that it is impossible under such condition to 
read out the data stored in accordance with the dif- 
ference of the MR ratio. Therefore, a bias magnetic 
field lower in intensity than the write magnetic field is 
applied to the MR element, and a discrimination be- 
tween 1 and 0 is made depending on the numerical 
value of the MR ratio of the MR element at that time. 
The specific details are as follows. 

In the example of Fig. 5. the bias magnetic field 
is set to H 2 or -H 2 which gives the minimum value p 2 
of the MR ratio. In one case where the bias magnetic 
field is set to H 2 . a bias current smaller than the write 
current is caused to flow in the direction shown in Fig. 
4A. Meanwhile in the other case where the bias mag- 
netic field is set to -H 2 . the bias current is caused to 
flow in the direction shown in Fig. 4B. Suppose now 
that the bias current is set to H 2 for reading the stored 
data. When the stored data is 1, the MR ratio is in- 
creased from po to p 2 '(p 0 < P2 ' < Pl ) by the application 
of the bias magnetic field. And when the stored data 
is 0, the MR ratio is lowered from po to p 2 by the ap- 
plication of the bias magnetic field. The stored data 
is read out in this manner. In the other case where the 
bias magnetic field is set to -H 2 . the MR ratio is 
changed inversely to the above example. That is, 
when 1 is stored, the MR ratio is lowered from Po to 
P2 by the application of the bias magnetic field; and 
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when 0 is stored, the MR ratio is increased from & to 
P2' by the application of the bias magnetic field The 
numerical value of the MR ratio can be discriminated 
by detecting the resistance value of the MR element 
6 between the terminals 8 and 10 (see Fig. 1). This 
discrimination can be achieved by causing a flow of 
a resistance detection current between the terminals 
8 and 10 and then detecting the voltage drop induced 
in the MR element 6. 

This storage device is nonvolatile since data is 
stored therein by the direction (sign) of magnetization 
of the MR element, and ft is usable at normal temper- 
ature. Moreover, the factor that limits the write and 
read speeds is merely the response of the magneti- 
zation to the applied magnetic field, so that the time 
required for writing, reading and overwriting the data 
can be minimized. In addition, it is possible to provide 
a high-reliability storage device of a simplified struc- 
ture with simplified electric circuits as shown in Fig. 
1. For the purpose of enhancing the read sensitivity 
it is desired that the intensity of the write magnetic 
field is set to be approximately equal to or higher than 
the intensity of the magnetic field required for satur- 
ating the magnetization of the MR element Also for 
the same purpose, it is desired that the bias magnetic 
field is so set as to maximize the difference between 
the MR ratio corresponding to 1 and that correspond- 
ing to 0 obtained when the bias magnetic field is ap- 
plied to the MR element. Such bias magnetic field is 
in the extreme proximity of the point A 3 ' or A,' in Fig. 
5. 

In the description given above, digital data 1 and 
0 correspond respectively to the points A, and A4 in 
Fig. 5. However, such correspondence may be re- 
verse as well. In either case, if the direction of the re- 
sidual magnetization based on the stored data and 
the direction of the bias magnetic field are mutually 
the same, the MR ratio is lowered by the application 
of the bias magnetic field. And if the direction of the 
residual magnetization based on the stored data and 
the direction of the bias magnetic field are mutually 
reverse, the MR ratio is increased by the application 
of the bias magnetic field. 

Hereinafter a specific example of a write/read cir- 
cuit will be described with reference to Fig. 6 In this 
diagram. REF1 and REF2 stand for constant current 
sources; Q1, Q2, Q 3 . Q4 and Q5 for transistors- INV 
for an inverter; MR (GMR) for the aforementioned MR 
element 6 or an undermentioned giant magnetoresis- 
tive element; C for a coil formed by the current lines 
2 and 12; DEC fora decider; R fora reference resistor- 
Si for a write input signal; S2 for a read output signal- 
and S3 for a read enable signal, respectively. 

A write circuit is connected to the coil C and a 
read circuit is connected to the MR element The out- 
put of the constant current source REF1 is supplied 
to respective collectors of the transistors Q1 and Q3 
An emitter of the transistor Q1 and a collector of the 



transistor Q2 are connected to one end of the coil C 
(upper current line 12). while an emitter of the tran- 
sistor Q3 and a collector of the transistor Q4 are con- 
nected to the other end of the coil C (lower current line 
5 2). Emitters of the transistors Q2 and Q4 are ground- 
ed respectively. The write input signal S1 is supplied 
directly to bases of the transistors Q1 and Q4 while 
being supplied, after inversion via the inverter INV, to 
bases of the transistors Q2 and Q3. 
io The output of the constant current source REF2 

is supplied to a collector of the transistor Q5. a first 
input port of the decider DEC and a first end of the ref- 
erence resistor R. The read enable signal S3 is sup- 
plied to a base of the transistor Q5. and an emitter of 
15 the transistor Q5 is connected to both a first terminal 
of the MR element and a second input port of the de- 
cider DEC. A second terminal of the MR element and 
a second end of the reference resistor R are ground- 
ed. The read output signal S2 is delivered from an out- 
20 put port of the decider DEC. The decider DEC makes 
a decision as to whether the potential at the first ter- 
minal of the MR element is greater or not than the vol- 
tage drop across the reference resistor R. 

When the write input signal S1 is 1 at a high level 
25 the transistors Q1 and Q4 are turned on while the 
transistors Q2 and Q3 are turned off. so that the cur- 
rent from the constant current source REF1 flows in 
the coil C downward in the diagram. Contrary to the 
above, when the write input signal S1 is 0 ata low lev- 
30 el, the transistors Q2 and Q3 are turned on while the 
transistors Q1 and Q4 are turned off. so that the cur- 
rent from the constant current source REF1 flows in 
the coil C upward. Therefore, the direction of the cur- 
rent flowing in the coil C can be selectively switched 
35 in conformity to the write input signal 1 or 0 by the use 
of such write circuit 

Upon supply of the read enable signal S3 to the 
transistor Q5 in the read circuit the current from the 
constant current source REF2 flows in the MR ele- 
40 ment to serve as a bias current. Consequently it is 
possible to read out the stored data from the MR ele- 
ment by comparing the voltage drop in the MR ele- 
ment w.th the voltage drop in the reference resistor R. 
hence obtaining an output signal S2. 
<5 Fig. 7 graphically illustrates demagnetization of 

the MR element induced by the application of a bias 
magnetic field, and it corresponds to the graph of Fig 
5 showing the B-H characteristic. Assume now that a 
bias magnetic field is applied to the MR element at a 
so point A 5 where data is stored, and subsequently the 
bias magnetic field is switched off after transition to 
a point As. Then the residual magnetization (residual 
magnetic flux) of the MR element is shifted toward 
the origin in the B-H characteristic as indicated at a 
ss point A 7 . This phenomenon is termed demagnetiza- 
tion. Contrary to the above, no demagnetization is in- 
duced if the bias magnetic field is switched off after 
being applied in the same direction at a data-stored 
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point A 2 . Generally speaking, demagnetization is in- 
duced when the direction of the bias magnetic field is 
reverse to that of the magnetization based on the stor- 
ed data. Upon occurrence of such demagnetization, 
it becomes difficult to read out the same stored data 5 
a plurality of times. In such a case, a magnetic field 
for writing the same data may be applied on the basis 
of the data read out by applying the bias magnetic 
field. Then it is rendered possible by this process to 
read out the same stored data a plurality of times. 10 

Fig. 8 is a perspective view of a storage device in 
a second embodiment of the present invention. In 
comparison with the foregoing first embodiment, the 
second embodiment is characterized in that the ter- 
minal 8 is omitted, and anotherterminal 14 is addition- 15 
ally provided. The terminal 14 is connected to the up- 
per current line 12 at a position corresponding to the 
terminal 10. The MR element 6 is connected to the 
two current lines 2 and 12 in such a manner that the 
second end portion 6C thereof is sandwiched be- 20 
tween the respective joints of the lower current line 2 
and the upper current line 12. According to this em- 
bodiment a resistance detection current for detecting 
the MR ratio of the MR element 6 can be caused to 
flow in the upper current line 12. More specifically, a 25 
current source for such resistance detection is con- 
nected between the terminals 10 and 14. 

When the resistance detection current flows in 
the upper current line 12, a bias magnetic field can be 
applied to the MR element 6 by this current flow sub- 30 
stantially in parallel with the easy axis of magnetiza- 
tion. Thus, it is possible in the second embodiment to 
use the resistance detection current also as a bias 
current, hence reducing the power consumption in 
reading the data. The terminal 14 can be omitted as 35 
well. In this case, the resistance detection current is 
caused to flow between the terminal 10 and one end 
of the upper current line 12 in the +X direction. Then 
the read terminal can serve also as a write current line 
to thereby enhance the packaging density in mount- 
ing a plurality of storage cells of this structure on a 
substrate. In case the terminal 14 is omitted, the re- 
sistance detection current may also be caused to flow 
between the terminal 10 and one end of the lower cur- 
rent line 2 in the +X direction. 

Fig. 9 is a perspective view of a storage device in 
a third embodiment of the present invention, wherein 
a multiplicity of cells each having the structure of Fig. 
8 are arrayed in a manner to form a matrix. For array- 
ing the MR elements in the form of a matrix, a plurality so 
of bit lines 16 and a plurality of word lines 18 are ar- 
ranged. The bit lines 16 are connected to a plurality 
of upper current lines 12 arranged in the Y-axis direc- 
tion, while the word lines 18 are connected to a plur- 
ality of lower current lines 2 arranged in the X-axis di- 55 
rection. The terminal 10 shown in Fig. 8 is used in 
common for all the cells arrayed in the Y-axis direc- 
tion. In this embodiment, the bit lines 16 correspond 
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to the terminal 14 in Fig. 8. In a write mode, one stor- 
age cell can be selected by a combination of one bit 
line 16 and one word line 18. Also in a read mode, one 
storage cell can be selected by a combination of the 
terminal 10 and one word line 18. 

Fig. 10Aand Fig. 10B illustrate packaged exam- 
ples each having the structure of Fig. 9. In one exam- 
ple shown in Fig. 10A, a memory region 22 is formed 
on a substrate 20 by the structure of Fig. 8, and a de- 
coder circuit 24, a level converter circuit 26 and an in- 
terface circuit 28 are formed in the vicinity of the 
memory region 22. The memory region 22 and the de- 
coder circuit 24 are connected to each other by means 
of a bonding wire 30. in another example shown in 
Fig. 10B, the memory region 22 and the decoder cir- 
cuit 24 are connected directly to each other by means 
of a thin-film conductor layer with omission of the 
bonding wire 30. The decoder circuit 24 serves to des- 
ignate a desired address in the memory region 22, 
and the level converter circuit 26 serves to render the 
device of this invention interchangeable with the con- 
ventional known storage device. In addition to the 
component circuits described above, there may be 
further formed a write current control circuit and a 
read current control circuit on the substrate 20. 

Next, an example of the recording density in the 
embodiment of Fig. 9 will be calculated below as a tri- 
al. Assume now that each line has a thickness of 3 jim 
and a width of 2 |im, the MR element has an effective 
length of 2 urn, and the write current is 30 mA. Under 
such conditions, the intensity of the write magnetic 
field is approximately 190 Oe (1 x 30 mA/2 urn = 
15000 A/m = 188.4 Oe). And the resistance change 
rate at the application of a bias magnetic field of 30 
Oe or so is approximately 15 percent In an exemplary 
case where each storage cell has an area of 3 x 4 urn*, 
the recording density is 83.25 Kbits/mm* (53 71 
Mbits/in*). 

Fig. 11 is an exterior perspective view of a mem- 
ory card to which the present invention is applicable. 
This memory card comprises a main body 30 where, 
e.g., the substrate 20 shown in Fig. 10Ais incorporat- 
ed, and a connector 32 for connection to an external 
circuit For example, it is supposed to be an IC mem- 
ory card size Type-1 prescribed by PCMCIA. Since 
this memory card has an area of 4505 mm* (85 mm 
x 53 mm), the area of its effective storage region, 
which is 80 percent of the entire area in this example, 
is approximately 3600 mm*. Therefore, in a four-layer * 
structure, the storage capacity amounts to 150 
Mbytes at a recording density of 83.25 Kbits/mm2. It 
is to be understood that the present invention is not 
limited to such a memory card alone and may also be 
applied to any plastic (resin) package similar to the 
conventional dynamic random access memory or sta- 
tic random access memory known heretofore (refer to 
Figs. 15A and 15B). 

The MR element may be an ordinary anisotropic 
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magnetoresistive element (AMR element), and a 
giant magnetoresistive element (GMR element) may 
be employed as well. A GMR element is characterized 
in that, since the directions of magnetizations are mu- 
tually unparallel on both sides of an insulator film, the s 
attainable magnetoresistive effect is greater by one 
digit than that of an AMR element. 

Fig. 12 graphically shows the characteristic of a 
GMR element which is composed of layers of, e.g., Ni- 
FeCo. Cu .Co and Cu deposited successively in this io 
order, wherein a symbol GMR denotes its character- 
istic curve. The MR ratio (Ap/p) is taken along the or- 
dinate, and the applied magnetic field is taken along 
the abscissa. For comparison, the characteristic 
curve of an AMR element is denoted by a symbol 
AMR. Thus, the GMR element has superior hysteresis 
characteristic in addition to its great magnetoresistive 
effect, hence capable of realizing a high S/N. Differ- 
ing from the anisotropic magnetoresistive element 
described above, the GMR element has no distinction 
between an easy axis of magnetization and a hard 
axis of magnetization. Consequently, to the GMR ele- 
ment shaped into a thin film, both a write magnetic 
field and a bias magnetic field are applied substantial- 
ly in parallel with the in-plane direction of the thin film. 

Hereinafter a description will be given on the prin- 
ciple of operation of a GMR element 6 produced as il- 
lustrated in Fig. 13 similarly to the aforementioned 
one in Fig. 3. As graphically shown in Fig. 14, the B- 
H characteristic of the GMR element 6 is substantially 
equal to that of the AMR element in Fig. 5. However, 
the Ap/p-H characteristic of the GMR element 6 is one 
obtained by inverting the characteristic of Fig. 5 with 
respect to the axis of the MR ratio. Consequently, the 
relationship among the numerical values of the MR 35 
ratio is rendered reverse. That is. Pl < p 2 ' < p 0 < p 2 
Desired hysteresis characteristic is obtainable also in 
using the GMR element as shown in Fig. 14. so that 
it becomes possible to write and read the data in ac- 
cordance with the principle of operation similar to the 40 
aforementioned one in Fig. 5. 2 

Fig. 15A is a perspective view of a SOP (Small 
Outline Package) with partly broken away to show 
some components. The present invention is applica- 
ble to the SOP. The SOP comprises a resin body 34 45 
where a memory chip (e.g.. the substrate 20 shown 
m Fig. 10A) 36 is incorporated and leads 38 for con- 3 
nection to an external circuit. The memory chip 36 is 
connected to the leads 38 with bonding wires 40. 

Fig. 15B is a perspective view of a SOJ (Small so 
Outline J-bend Package) with partly broken away to 
show some components. The present invention is ap- 
plicable to the SOJ. The SOJ comprises a resin body 
42 where a memory chip (e.g.. the substrate 20 
shown in Fig. 10A) 44 is incorporated and J-bended 55 
leads 46 for connection to an external circuit. The 
memory chip 44 is connected to the J-bended leads 
46 with bonding wires. 
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As described hereinabove, the present invention 
ensures advantageous effects of realizing a high- 
reliability magnetoresistive storage device of a sim- 
plified structure which is nonvolatile and usable at 
normal temperature with another advantage of reduc- 
ing a write, read or overwrite time. 

While specific embodiments of the present in- 
vention have been described in the foregoing descrip- 
tion, the present invention is not limited to details of 
the embodiments. The spirit and scope of the present 
invention is defined in the appended claims, and all 
alterations and modifications which belong to the 
scope of equivalency of the claims shall be included 
in the scope of the present invention. 



Claims 

1 . A storage device comprising: 

a magnetoresistive element presenting 
hysteresis characteristic in the relationship be- 
tween a magnetic field and a volume resistivity 
change rate; 

write means for applying, in response to in- 
put binary storage data indicative of change eith- 
er a first state or a second state, a write magnetic 
field of a predetermined intensity in a first direc- 
tion to said magnetoresistive element corre- 
spondingly to said first state, or applying said 
write magnetic field in a second direction, which 
is reverse to said first direction, to said magnetor- 
esistive element correspondingly to said second 
state; and 

read means for applying to said magnetor- 
esistive element a bias magnetic field which is 
lower in intensity than said write magnetic field, 
and discriminating between said first and second 
states on the basis of the volume resistivity 
change rate of said magnetoresistive element. 

. The storage device according to claim 1 , wherein 
the predetermined intensity of said write magnet- 
ic field is approximately equal to the intensity of 
a magnetic field required for saturating the mag- 
netization of said magnetoresistive element. 

The storage device according to claim 1. wherein 
said bias magnetic field is set in such a manner 
as to maximize the difference between the vol- 
ume resistivity change rate of said magnetoresis- 
tive element corresponding to said first state and 
the volume resistivity change rate of said element 
corresponding to said second state. 

The storage device according to claim 1. wherein 
said bias magnetic field is applied in said first di- 
rection, and said read means discriminates said 
first or second state depending on whether the 
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volume resistivity change rate of said magnetor- 
esistive element is relatively small or great 

5. The storage device according to claim 1, wherein 
said bias magnetic field is applied in said second 
direction, and said read means discriminates said 
first or second state depending on whether the 
volume resistivity change rate of said magnetor- 
esistive element is relatively great or small. 



10 



6. The storage device according to claim 1, wherein 
said magnetoresistive element is shaped into a 
thin film and has an easy axis of magnetization 
and a hard axis of magnetization mutually ortho- 
gonal on the in-plane direction of said thin film; 15 

said magnetoresistive element has a first 
plane and a second plane corresponding respec- 
tively to the obverse side and the reverse side 
thereof, and also has a first end portion and a 
second end portion corresponding respectively 20 
to both ends thereof; 

said write means includes an upper cur- 
rent line and a lower current line opposed to said 
f irst plane and second plane respectively, means 
for causing a write current flow in said upper and 25 
lower current lines in mutually reverse directions, 
and means for deciding the direction of said write 
current flow In accordance with said first or sec- 
ond state; 

said write magnetic field is applied sub- 30 
stantially in parallel with said easy axis of magne- 
tization; 

said read means includes first and second 
terminals connected to said first and second end 
portions respectively, means for detecting the re- 35 
sistance value between said first and second ter- 
minals, and means for causing a bias current 
flow, which is lower than said write current, in said 
upper and lower current lines in mutually reverse 
directions; 40 

and said bias magnetic field is applied 
substantially in parallel with said easy axis of 
magnetization. 

7. The storage device according to claim 6, wherein 45 
said upper current line is connected electrically to 

said lower current line in the vicinity of either of 
said first and second end portions, and said up- 
per and lower current lines are in series to said 
write current and bias current 50 

8. The storage device according to claim 1 . wherein 
said magnetoresistive element is shaped into a 
thin film and has an easy axis of magnetization 

and a hard axis of magnetization mutually ortho- 55 
gonal on the in-plane direction of said thin film; 

said magnetoresistive element has a first 
plane and a second plane corresponding respec- 



tively to the obverse side and the reverse side 
thereof, and also has a first end portion and a 
second end portion corresponding respectively 
to both ends thereof; 

said write means includes an upper cur- 
rent line and a lower current line opposed to said 
first plane and second plane respectively, means 
for causing a write current flow in said upper and 
lower current lines in mutually reverse directions, 
and means for deciding the direction of said write 
current flow in accordance with said first or sec- 
ond state; 

said write magnetic field is applied sub- 
stantially in parallel with said easy axis of magne- 
tization; 

said upper and lower current lines are con- 
nected to said first end portion; 

said read means includes a terminal con- 
nected to said second end portion, and means for 
causing a resistance detection current to flow be- 
tween said terminal and said upper current line; 

and said bias magnetic field is applied 
substantially in parallel with said easy axis of 
magnetization by said resistance detection cur- 
rent 

9. The storage device according to claim 8, wherein 
a plurality of said magnetoresistive elements are 
employed, and bit lines and word lines are provid- 
ed for arranging said elements in a matrix, said 
bit lines and word lines being connected to said 
upper current line and lower current line respec- 
tively. 

10. The storage device according to daim 1, further 
comprising means for applying another magnetic 
field to said magnetoresistive element so that the 
storage data read out by the application of said 
bias magnetic field is written again. 

1 1 . The storage device according to claim 1 , wherein 
said magnetoresistive element comprises a giant 
magnetoresistive element shaped into a thin film; 

said element has a first plane and a sec- 
ond plane corresponding respectively to the ob- 
verse side and the reverse side thereof, and also 
has a first end portion and a second end portion 
corresponding respectively to both ends thereof; 

said write means includes an upper cur- 
rent line and a lower current line opposed to said 
first plane and second plane respectively, means 
for causing a write current flow in said upper and 
lower current lines in mutually reverse directions, 
and means for deciding the direction of said write 
current flow in accordance with said first or sec- 
ond state; 

said write magnetic field is applied sub- 
stantially in parallel with the thin film in-plane di- 
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rection of said magnetoresistive element: is Tho .h« M a 

said read means includes a first terminal J? ? * dev,ce accordin 9 * <*aim L wherein 

and a second terminal connected to saTd Send !£ SSa " inC0 ^ orated in * «"«« out- 

portion and second end portion respectively, " 



means for detecting the resistance value be- 
tween said first and second terminals, and 
means for causing a bias current flow, which is 
smaller than said write current, in said upper and 
lower current lines in mutually reverse directions; 

and said bias magnetic field is applied 10 
substantially in parallel with said write magnetic 
field. 

12. The storage device according to claim 11. where- 

in said upper current line is connected electrically 15 
to said lower current line in the vicinity of either 
of said first and second end portions, and said up- 
per and lower current lines are in series to said 
write current and bias current 

13. The storage device according to claim 1 , wherein *° 
said magnetoresistive element comprises a giant 
magnetoresistive element shaped into a thin film; 

said element has a first plane and a sec- 
ond plane corresponding respectively to the ob- 25 
verse side and the reverse side thereof, and also 
has a first end portion and a second end portion 
corresponding respectively to both ends thereof; 

said write means includes an upper cur- 
rent line and a lower current line opposed to said 30 
first plane and second plane respectively, means 
for causing a write current flow in said upper and 
lower current lines in mutually reverse directions, 
and means for deciding the direction of said write 
current flow in accordance with said first or sec 
ond state; 

said write magnetic field is applied sub- 
stantially in parallel with the thin film in-plane di- 
rection of said magnetoresistive element; 

said read means includes a terminal con- 
nected to said end portion, and means for caus- 
ing a resistance detection current to flow be- 
tween said terminal and said upper current line; 

and said bias magnetic field is applied 
substantially in parallel with said write magnetic 
field by said resistance detection current. 

14. The storage device according to claim 13, where- 
in a plurality of said magnetoresistive elements 
are employed, and bit lines and word lines are 
provided for arraying said elements in a matrix 
said bit lines and word lines being connected to 
said upper current line and lower current line re- 
spectively. 

15. The storage device according to claim 1, wherein 
the storage device is incorporated in a memory 
card body. 
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(54) Storage device 

(57) A storage device includes an MR element (6); 
write means (2, 1 2) responsive to input of binary storage 
data indicative of either a first state or a second state, 
and applying a write magnetic field in a first direction (+ 
X) correspondingly to the first state, or applying the write 



magnetic field in a reverse second direction ( - X) cor- 
respondingly to the second state; and read means (8, 
1 0) lor applying a bias magnetic field to the MR element 
and discriminating between the first and second states 
in accordance with the volume resistivity of the MR ele- 
ment. 
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